« S oaoceni: _k&.*tf,gy / - ’
’ . ) | ; o * . !.‘ . ‘\ ., -

o7 ' VASTE MANAGEMENT AND PERSONAL HYGIENE F
NEBRE N .. : "FOR EXTENDED SPACECRAFT MISSIONS {
AR SESLEY - LE

0 .By Norman Belasco and Donald M. Perry
a o T Crew Systems Division
. S0t ls o .0 NASA Manned Spacecraft Center

o N \ ; [T T R pemn oA X o
3 . L R Houston, Texas Lo et v 3
Y R o : C : R PERS .
: x F .

3 i ' ;

' \ {
: : ; ;
35 , : ]

_ N66-15349 o
;Z;:i ”7» | SRR i

FACILITY FORM 602

. o (PAGES) CODE) . : o . 1
i i :
¥: g A
2 ' v : { é d ‘:\/ ' : RS ]
z < (NASA CR OR TMX OR AD NUMBER) (CATEGORY) : : 3
; o i 'l f 3
& o IS
- ’ € ’
i

A o
[ [N H
RE :

S SO !
o / GPO PRICE $

/ CESTI PRICE(S) $

S |
ST ISR R . Hard copy (HC) O?’ m
ER | .50

f i.". : : D Microfiche (MF)

o WY

P L

NI A YT N A T

ff 653 July 65

3 o : R America: 7. strial Hygiene Zc. erence 3
4 T April 26 to 30, 1964 \ 3
e Sheraton Hotel

q o Philadelphisa, Pa.




< _
‘ < | /
: :
- 1
/ .
‘ A .
RN TABLE OF CONTENTS » P C
e . A e
- e e _ Ce
“i 77! INTRODUCTION : : . - .2
TN | .
;7 "'ir . PROBLEM DISCUSSION 3
.- ¢ i Micturition , o 3
.+ . Defecation / 5
'~} Systems Considerations T
! TECHNIQUES OF WASTE MANAGEMENT 9 *
£ . Collection and Transpor : 9 : {
‘ Storage ' 14 b
’ - Processing and Reclamation 16 ,
: " Rejection 26 : :
1 ' SYSTEM DESIGN SYNTHESIS LT &
g Collection, Transport, and Storage 27 :
» Collection, Transport, and Reclamation 27 : E
 Collection, Transport, and Rejection 28 ' %
" .. ' PERSONAL HYGIENE ' 28 '
: ' Oral Hygilene 29
r ‘. Shaving 29
e Showering ' 30
: Superficial Body Cleansing 31
- - “. . Bathroom Design ' 31
oy _. + Clothes and Equipment 32
. " MANAGEMENT OF OTHER WASTES | 32
, : .
‘ Collection 33 3
Transport 33 3
Dieposition : 33
_, REFERENCES 35
. ;
f N t




" WASTE MANAGEMENT AND PERSONAL HYGIENE
FOR EXTENDED DURATION SPACECRAFT MISSIONS

ABSTRACT .»3\(/

, N
Spacecraft missions of extended time duration require waste '
;:{management and personal hygiene facilities that will be reliable,
sanitary, psychologically acceptable s have man-vehicle-system
compatibility, and have use procedures duplicating (or closely
'simulating) earthbound modes.
~ * This paper contains a discussion of the specific nature of the
: ; ma.,jo:b problems relative to waste management and persohal hygiene on
".Aiong term maltitnan missions; Equipment requi’rementa, design concepts,
‘and status of equipment development are discussed sequentially.
“More' specifically, for waste management, the major considerations

. of collection, transport, storage, treatment, and rejection of

" excreta are reviewed. For personal hygiene, shaving, showering,

superficial body cleansing, oral hygiene, and cleaning of clothes and
o ; : ‘equipment are considered. @m’ |
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INTRODUCTION

T The recent successes of manned space flights.indicate the necessity
:i{ for'an aétive period'of life sﬁpport equipment design for extended épace-
. éraft miésions. Accbrdiﬁglj, one end product-wiii be the design of a
;:t Waste Maﬁagement and Personal‘Hygiene System.
The selectioﬂ of this system presents a variety of interesting and
.complicated challenges to engineering ingenuiﬁy. Primariiy the design.
| features should be threefold: (1) fully integrated with the man-vehicle
: complex,~(2) psycholbgically acceptable, and (3) provide optimum reliasble
1 ~sanitation. Designs must incorporate these features in & manner that
will notvincur appreciable’ compromise. on the basic thicle supplies and
must be 6perational throﬁghout the intended mission profile. Designs
“~ must be comﬁatible for use bybboth 8 space-suited astfonaut and an
ﬁﬂsuited‘crew'hémber. |
» An assortment of waste management methods for collection, transport,
- storage, processing and/or jettisoning does exist, some implemented in
hardware, others Just as concepts. Basically each method can do the job
for'whichvit was intended, but with varying degrees of applicability to
. spacecraft use. No system presently exists whick will satisfy all of the
necessary design requirements.
To select a system design, the individual techniques for collection,
»itransport, storage, processing and/or Jettisoning must be objectively
evaluated to determine system applicability. The evaluation must determine

the direct use potential of individual methods, of combinations of these

i e
Lagy il

A T T TN T

AME . i




i

- ‘/ . ‘ ;
H  methods,‘as well as of entire]éntegrated systems. Trade-off factors
" must encompaés weight, volume, power requirements, complexity, relia-
: , ‘
i‘ bility, state of developmengﬁ and all other meaningful aspects.
- Thié paper contains a:éiscussion of the problems, requirements,
.vjdesign considerations, and/ potential designs. Constant consideration
has been:given to the mankvehicle-waste management and personal hygiene
lJéysfeﬁ interface. Inclu&id is a brief review of the techniques for
;'cdllection, transport, ?torage, processing, and rejection of urine and
feces. Typical system/ﬁesign concepts are included to illustrate
/
synthesis and implemeq&ation of these techniques for a vehicle-integrated
wésfe Maﬁagement Systém.
3 . The authors shafe a basic philosophy, which is "that a significant
‘ design advancement, in the form of an optimum Waste and Personal Hygiene

f ‘System Design, is being made through an objective and practical approach

A‘in system engineering."

PROBLEM DISCUSSION

Generally, the problems associated with design of equipment for
micturition and defecation are posed largely by use during zero gravity‘
flight. - The specific problems include the physical attachment, direction |
.of excreta flow, containment in zero gravity, sanitation techniques, and

  col1ection for transport to a disposal capability Ior storage, reclamaﬁion,

or rejection .
| Micturition

Collection of urine must be accomplished while the crew member is

.elther wearing or not wearing a pressure suit. If. a member is wearing a
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©+ { - .suit, urination must be pogsible while the suit is both pressurized and
"§", unpressurized. Because of the unpredictable behavior of liquids in
: zeré gravity, complete confinement of the urine must be provided from
T ,;ﬁﬂfvthe'terminal of the urethral orifice to the urine-collecting capability.
' This requires the following basics:

Lt

-ﬁ‘éf *. (a) Physical dtt#chment to the penis
b 43‘ (b)) Flow direction and containment means
'Zii:;;ﬁ“;.(c)g Micturitioﬁ termination droplet transport
5,~;,; n; (d’ Confined collection by positive retention of the urine'
} :l“‘.‘(e) Odor control
From the points of view pf safety, sanitation, and psychological
.acceptance, stbrage of urine inside the pressurized suit should be
accomplished only in emergencies, or when a useful purpose is being
’ ser&ed bylthis storage. DPossible useful purposes that can be served by
the storage of urine inside the suit are as a raw supply for producing
_breathing oxygen and as an expendable refrigerant for emergency cooling.
In‘considering an unpressurized suit,‘no need exists for supplementary
oxygen ﬁnd emergency suit cooling. Accordingly, storing urine inside
the unpressurized suit has no potential advantages. Thus for unpres-
surized suit use and unsuited crew members, a common collection capability
appears to be the most practical means. Alsc, where the suited crew member
is pressurized inside an unpressurized compartment, 'fhe same collection
B facility can be .used.

”.
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Defecation

'

°  For defecation, the basic equipment design problems of zero gravity

Vﬁcontainment, transport, and collection are similar in nature to micturition
but differ in detail. Problems of sanitation, cleanliness, transport
- for dispdsition,’and diéposition itself, all pose diversified challenges

. to engineering ingenuity. As with micturition, the requirement for use

while dressed in an unpressurized space suit may compound the basic

"defecation design problems. Specifically, the excreta must be retained

- during the functional procedure, and it must be transported from the

4'cpllect19n equipment to the storage, reclamation, or rejection area. The

body area must be 'cleansed, and the.collectiné and transport equipment
must be Cﬂeansed.and Sani{fized.

| Although geﬁeral treatment of the defecation procedure by early
designs épuld in some cases suffice, generally, their use procedure

designates several steps that need considerable improvement before sani-

" tation and psychological acceptance reaches the level of our everyday

i

. ‘existence. Despite the exﬁensive training and orientation given the

astronauts, the almost in#red rejection toward handling feces and

{

" associated equipment makés it a detrimental design aspect. For example

| /
the wiping and paper lo?ating procedures, and the fold up and roll up
. ]
- techniques common to early design attempts (although accomplishing the
/

: designated task), areﬁ@sychologically objectionable and, without utmost

f care, could be somewhét untidy. Careful evaluation of the man-vehicle~

system waste management problem by NASA has concluded that every effort
should be made to provide equipment designs that will at least meet the

following basic criteris:

skl iibos oo
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B (a):'Be psychologically acceptable
C‘(b)f,Perform reliably as required without appreciable compromise to .
‘(andvbe generally compatible with) other vehicle system ccmponents.
:»(c):‘Be ali inclusive, that is, perform all operations necessary
‘fdr‘the éollection, transport; and storage of excreta, and be self-
cleansing and sanitizing.

' f (d):vTo haVe a use pfocedure closely simulating or duplicating that
norm?lly_used on earth. Because of.zero gravity use, however, some
por?iong of this normal procedure have room for improvement.

‘(e)‘kTo providé & use sequence in which there is no necessity to
C bring the hands near or have possible contact with the excreta.  Even
'*;more preferabie is a design wﬁiéh reQuires no manuél manipulation or
% "vactivity whatever,'with only the physical activity of being firmly seated,

i.r defecating, and rising required.

.‘".5 S Thus the moéﬁ preferable equipment for managing excreta durihg

defépation and }q? transport and storage of the fecal material after
~defecation may be equipment which is positive acting, clean, and simple
_to use, and which readily‘integrates with the man-vehicle system. A
 desirab1e fbature will %e the means for the.equipment to be self sanitizing.
:Of ﬁrime’importance is the fact that use of the unit should in no way

fa.ppjrecié,bly:ccmpromise the vehicle system or its primary supplies.

.
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S + System Considerations
'Theémajor equipment design considerations of vehicle integration
(thaf is, weight, volume, power, reliasbility, maintainability, stowing,
et cetera), must be carefully evaiuated for functional compatibility with
other vehicle systems. In addition, the usual requirements of structural,
integrity during and after anticipated launch, orbit, and reentry stresses

must be accommodated in a manner that will assure operational competence

after being exposed to these environments.

Systems‘considerations of weight, volume, and structural integrity

are most important to launch, reentry, and landing phases of a mission

profile. FPower requirements, reliability, maintainability, sanitation,

stowing, et cetera are most prominent considerations during the period

of use; that is, translunar or transplanetary periods and the orbit phases.

Understandably the most desirable approach is one which offers the optimal
design cfiteria for each of tnese system requirements. TFor example,

from preliminary investigations, it can generally be assumed that a

system utilizing rejection of wastes to space should be llghter in weight

require less power, less maintainability, et cetera, than a system

‘containing a. processing procedure for storage or reclamation.

Figure 1 shows the tabulated weights for urine and feces on a daily

per man basis. Figure 2 indicates the magnitude that stored feces can

achieve from a weight viewpoint over the time required for extended m1s51ons.

~Thus the trade-off advantage for the process- containing system occurs in
the unique design of the total system concept or in the value of the

reclamation products. o
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This latter item, "value of reclamation products," is especially
'eimportanﬁ to considerations for earth orbital and lunar orbital vehicles
Aand translunér and transplanetary spacecraft, since acceptable techniques -
“:Qo exist‘for prdducing seﬁipure and potable'water from metabolic wastes.
vOnvextended spacecraft missions this reclaimed water can be used directly

for an evaporative heat exchanger, electrolyzed to produce breathing

L 'oxygén and hydrogen, or in a potable state used for drinking water and

food preﬁaration.' In a near potable state it can be used for personal

o hygiene or sanitation and cleansing of clothes and equipment. Multistage

- purity, howeVer, is only one of many aspects that must be considered when
.~ evaluating reclamation processes for vehicle system needs.
Vehlcle compatibllity aspects must also conéider the impact of the

'_‘systems"usé, as well as its specific demands upon the vehicle. Simplified

[y

"J_ ekamples'include the desirability for privacy, local containment and

. removal of noxious odors, ﬁg'well a8 the cleansing and sanitation of the
»eqﬁi;ment after'each use.
'; In Summary, the outstanding general criteria for an optimum waste
ménagement system are as follows:
-  5_:tOperability,;p zero gravity after exposure to all éravitational
‘conditions |
g Light weight |
R ;‘Low?§olumei |
Simble to maintain
Reliabiiitf ;'designs based on known and proven mechanization methods

- on
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h‘02,vand H,, fecaltsolids used as algae nutrients)

fstructurally gsound - unaffected by mission profiles
' . Self sanitizing end cleansing

" i Powered by & natural resource of space (vacuum, solar, et cetera)

'

. Control odors

. Comfortable and convenient to use

t

' . Process all wastes to useable products (for example urine to water,
!

2

J?Independénéy;of spacecraft systems (yet integratable with spacecfaft~

»systems)f‘

L Deéign simplicity

- o K :

' TECHNTQUES OF WASTE MANAGEMENT
Collection and Transport

Micturition. - There are three main problems that are common, but

" with varying degrees, to suited-pressurized, suited-unpressurized, and
,hunsuited crew members for micturition on space missions. The first concerns
':the(comfbrt and sanitation associated with the physical attachment to the

| penis. The second is confainment and transport of the urine under zero
gravity (or subgravity) conditions, the third, cleansing and sanitation

“ of the total equipment.

; Physical attachment in a pressurized suit: The problem of physical

' attachment while the astronaut is in a pressure suit is the most critical

of those problems under consideration. Stresses provided by psychologi-

cally unacceptable and/or uncomfortﬁple equipment could seriously hamper

L mm T
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:+ + task performance. Of even more importance is the seal which must be

g : positive‘and leak tight. ILiquid released inside a pressurized space

, f';‘.i; ‘suig in éero gravity would be uncomfortable and hazardous, even to the

| ﬂ,? ;1poiﬁt ofiproduéing drownihg. One commonly used attaching method is

the "motormen's friend" type or its modifications, where the equipment
li;‘/ ié individually sized and remains fixed in place throughout the time

‘;;f the‘suit'is pressurized. This, however, is uncomfortable and irritating -
}iv” ;- ~when actively worn. Therefore if is preferable to provide a means for
fastening a sealing device in proper location on the penis only during

- the time period necessitated by the complete volding procedure. An

1 alternate approach would be to design the device for remeining in

5i'p1ace throughout the suited toﬁr, sufficiently comfortable and non-

[P

| irritating, so as t0 be readily acceptable to the crew members.

. Potential solﬁtion requires only temporary attachment during voiding,
jf' a specificatidn that can be accomodated bylmany acceptable attaching
..“schemes.'j Fbr example, an inflatable ring-type collar on a funnel- |

. ‘type receptéclé is one'simple design; another festures a mechanically

V‘expanded‘ahd confracted punctured diaphram, controlled on the outside
| suit surface. A crude version of this same basic principle is the
‘"Chinesé.finger" receptacle design where the required extension during

use could be mechanized from outside the suit. When released after |
,vmicturition, the device would contract to a larger diameter, thus providing
;o i'j vqnly épbroxima&e confinement of the penis and an acceptable comfort level.

These. schemes all require a sanitation means for cleansing the receptacle

.
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.of physical attachment. !
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after the suit is doffed. An alternate and probably more preferable means -
 would be & disposable attaching device, perhaps of a water soluble

:a;material.{

.Unpréssurized suit or unsuited: Micturition in an unpressurized

suit:can be accamplished in the same manner as in a pressurized suit

. except that means for the positive éir flow to drain the transport tube
- must be provided. Iatest suitbdesign versions, however;:-include a spinal

‘trace closure that continues through'the'crotch ahd up the front to above

the navel. This closure will provide ready access to minimize problems
- /’

The problems of micturition while unsuited are also comparatively

simple by comparison to thosé of the suited astronaut. The active area

can easilf be reached and thus a positive and sanitary act is possible

with proper equipment design.
/
Design implementatio#: Modes for collection inside a pressurized
' /
or unpressurized sult haye already been presented. The transport

capability from the suiv/interface must be made in a positive manner so

that‘a liquid can be c;éanly and quickly moved to its disposition facility.

, /
Among the ways commonly accepted as the most practical for moving liquids

/

"in zero gravity are cdmbinations of hydrophilic and hydrophobic materials
" .with a prime mover such as pressure differential, mechanical wiping, or

- positive pumping.

From a NASA funded contract, Project Hydro John, a waste management

,'4 s&stem for advancéd spacecraft, a preliminary design for a urine collection

L




12

. and'tran;port facility having a cleansing and sanitiéing capability, was
;.developed ahd is shown in figure 3. 1t features use with a pressurized
.’quif, use with an unpressurized éuit, or use Qithout a suit. It performs
vﬂ:the temporary séaiing function, and fransports the urine to the disposi~
 1 tion afea in a positive manner. For the suited man, pressurized or

»Unpfessurized but with fastened closure, the collecting hose is removed

from the urinal at the quick-disconnect and attached to the mating suit °

?;fitting.: After voiding, the hose is reconnected and flushing initiated.

Defecetion.- Two of the problems common to micturition are similarly

~common to defecation: containment and transport of the..excreta in zero

"fgravity,'and cleansing and sanitation -of the fotal equipment. Defecation,

howé%er, offérs.additidhél prominent problems such as using psychologically

:k.acceptable procedures for the/defecation function, and cleansing of the

7‘rectél orifice after termination of the function. From a mechanical

i
!

standpoint, the ‘excreta itself offers problems to a collection and

trdnspoft means through ité variable physical state, normally & semisolid.

‘ Specifically the problem is containment for transport and cleansing of

. /
.. the contaimment and tran&port equipment. Some potential solutions to

these problems are pres?hted and discussed later in this section.
In a pressurized ﬁtit: In some instances defecation while in a
pressurized suit may be required. As yet it appears unlikely that an

f
acceptable, that is, #omfortable, clean and sanitary mode for implementing

this need will be de%ised. Rather the practical aspect is to provide =a

supplementary means such as a secondary pressure protective device in

" the form of an enclosure about the waste management facility. The

Y T ™ A, 7 SR
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"medium is a necessity. |

13
astronaut could then pressurize the enclosure, depressurize the suit, and

proceed as with an unpressurized suit. This secondary pressure protective

" enclosure use is commonly termed the "Oasis Concept."

In an unpressurized suit; or unsuited: Defecation in an unpressurized
suit should be accomplished in a manner simulating earthbound procedures,

except that zero gravity compensation must be made by fastening the

““Suttocks'or entire body to the collection facility. Iatest suit design

;; versions are using a closure that traces the spine, continues through the

crotch, and terminates just below the navel. This closure will easily

accommodate the earthbound defecation position. After-défecation is

. terminated, cleansihg‘of the rectal orifice réquires that a manual wiping

procedure be effectéd; and that the active area be cleansed by some other

I}
¢

_means such as rinsing. If a &iping procedure is used, the digposal of
- the cleansing medium, probabiy paper, compounds the undesirability of
/

- this collection mode. Like#ise with rinsing, removal of the rinsing

A / ~
~ Design implementatiizé Briefly surveying the collection and transport

means of feces, the span fis from the simple but crude techniques to the

more complex but sophist#cated. In the simple but crude category a
f

defecation glove can be/used. This resembles & surgeon's glove and

' actually'is used to ca#ch the excreta. By stripping the glove off,

effecting an inside-oyt maneuver, the excreta is contained in the inside.

/

. Sealing and dispositibn of the unit then follows. Progressively more

‘desirable meansfweré‘presented in reports (refs. 1 and 2) where bags were

generally used for collection, and pressure differential and manual

o e
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- techniques used for prime movers. All techniques presented a potentially

messy operaticn which 1s detrimental to their psychological acceptance.

}A preliminary design which satisfies many of the prime requisites of a

'feces collection and transport facility is shown. in- figures h and 5.

4 The unit satisfies the basic requirements for collection and transport in

'»‘a positive sanitary manner. Tpe use sequence simulates earthbound procedure

- with additional features which are extremely conducive to psychological

" dcceptance (specifically, cleansing of the rectal orifice and avoidance

=( of manual activity). The désign is based largely on known and proven

';positive action; and thus the design can be used in gravitational,

mecﬁanized techniques and svailable data of behavior of liquids and solids

" ?’in zZero éravity.‘ These are applied in a mode that clearly establishes .

... subgravitational, 'and zero gravitational conditions.

: The:advsntages of this unit for collection, trsnsport, and cleansing

. are obvicus. The pumplblender and flush water creste sludge that can be

/

cpumped away assisted Py the high volume air flcw as the initial waste

_ftransport medium.

i

Storage

’ The?storage of metabolic wastes can be accomplished by storing urine

andffeces separately or by storing them together. GStoring separately

. offers compatibility with:

"(1){‘Processing or rejection techniques that are different for urine
and feces.
(2) Processing or rejection techniques that require physical separa-

tion for their function.
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’"'tneir separation (such as the space suit urine collection and storage bag

[ 2

. 'in extra-vehicular use).

"fused as the storage container of a vehicle-mounted system. To avoid

~the form of an expulsion piston.” During operation, the expulsion piston

"’ 1in ‘the storage tank progressively moves (as required) to induce the raw

15

B

i i (3) Collection and tranSportlmethods whose impiementation requires

Basicallj the storage design techniques must accommodate aero gravity
-:operation while providing sufficient containment’means and volume, odor
l‘cOntrol; restricted bacterial growth, and compatibility with the vehicle

as well asg other waste management facets.

Urine storage.~ The simplest and most direct means for storage of

urine ig the storage bag. A bag can be used with the suit pressurized,-”
‘unpressurized, or without the suit. It can be inside the suit system, 1

but external suit mounting has specific advantages. A bag can also be

sloshing and assist zero gravity containment, a wicking—absorber
material such a virgin llama wool or Refasil is used. Another storage

capability can be a container which has a zero gravity mechanization in : F

11quid waste through a check valve into the processing chain, or rejection
: device.;

Fecesg storage. - Storage of feces in a pressure suit can possibly be

: “accomplished'oncé an acceptable means for collection and transport is

deviseda ‘Fbr its many obvious undesirabilities, the practicality of

c storing ‘of feces inside a pressure suit is questionable to say the least,

. but may;become a necessity if emergency operations so dictate. A reasonable
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l 'golution to this, however, has been discussed before as the "Oasis Concept"
A'V‘where a pressurized enclosure is used to house the defecation facility and

" _to provide protection necessary to depressurize and repressurize the suit.

[

The storage of feces itself, however, has been discussed in recent

" reports (refé.,l and 3) and can be accomplished by various methods.

:fj';MaJor design challenges appear to be in the means of containment, re-

. ;itardation of bacterial growth, and odor control.

Y

PR
o

o

RS LR

“i’mode. %Bagging, then sealing the bag in a container, for example, appears

{  QGenerally the bagging technique is beihg fostered as the operational

" to eliminate the problems of containment, bacterial growth, and odor

- control. Other bacterial control techniques include fréezing and incin-

eration. A storage tank concept can offer these features plus other features
- of system compatibility especially when used with waste-processing systems.
| Processing and Reclamation

Waste systems for advanced missions may find techniques for the

: ultimate recovery of useable products from human wastes most advantageous.

' The major recovérable constituent of human wastes is water (with the

bossibility of 6xygen recovery from this water if so required). Water

-~

balances for closed ecologies clearly indicate that recovery of water for

. long-term missions is essential to minimize logistic problems. Further

. examination of water balances shows that approximately 60 percent of water

i

excreted by man is found in urine and feces (with more tggn 93 percent of

hE this contained in urine ). Recévery of this water could provide a major

. saving in supplying the crew's metabolic re@uirements.
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Preliminary investigation indicates that recovery of water fram fecal -

material will require system complexities not presently commensurate with
'Lyield percentages, that 154 maximum availability of water, 100 grams per

‘man per day. Tbis appears/to be a general conclusion as indicated by

the comparatively large nimber of water recovery techniques which are
geared to processing of Arine Of the techniques most discussed and

investigated the maJor processes fall into one or more of the following

i

S categories. | |

(a)  Phase ChangJ Processes
i (b) Membrane Précesses

(e) Biological;Processes "

; Specific techniques within these processes must be individually -

yk‘evaluated with respect to applicability for aerospace applications. Not
) only'must the.effectiveness of each technique be determined, but the
L"present;state of‘development and an evaluation of future development must

‘fbe(realistically appraised. The scope of efforts in water recovery systems

-

. can be best presented by the following descriptive paSsages.of major

:'techniqpes that have been considered or investigated.

Phase chaﬁge processes. - There are many specific processes which

u reqairela change of phase as the major process technique. 1In general,

"~ distillation (or evaporative) processes involve heating of the liquid

until a vapor phase forms. The vapor is then cooled until condensation

occurs, thereby completing the separation of liquid from dissolved solids

- in the original liquid‘ Distillation may be conducted at ambient, reduced,

o U ok ekt e
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'temperatures at which a given liquid will distill. Operating temperatures

18

or increased pressures. Selection of the operating pressure determines the., -

‘are significant since they govern the decompos1tion rates of impurities '

Jin urine. ' - !

Y v —

In summarizing experimental results of distillatlon techniques

: briefly, the following generallzations seem to hold true. Atmospheric

} (or ambient) distillation produces & product with unmistakable ammonia
i !

odor and a comparatively hiéh pH but no coliform bacteria. The ammonia is

thought to be the result of hydrolysis of urea with subsequent re-absorption

" of ammonia gas in the co:Zensate. Ammonia can subseqpently be removed

" from the product by cati/

exchange resins.

Vacﬁum distillation# Vacuun distillation results indicated that

~ lower temperatures decréased the amount of urea decomposition. It was

o
i

‘ found, however, that tﬁe probability of coliform presence was increased

~ with the decreasing temperature, indicating that sterilization is enhanced .

>vith elevated temperatures. The results show that additional sterilization

".is required with vacuum distillation techniques.

Addition of feces to the raw material for vacuum distillation

‘increased the bacteriological content of the product. In addition, water

was found to possess & distinct fecal odor. System complexities are sure -

to result if fecal material is included for processing. These, however,'

-arefcerﬁainly not insurmountable.
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Pretreatment of urine with chemicals (that is, sulfuric acid) does

-aid in reducing ammonis carryover into the distillate;'however, other

. problems are created by side reactions. For example, acid treatment

caused hydrolysis and subsequent liberation of other volatile products,

'thgreby-only substituting the original problem for a second problem

Cx

equally as important.

Vdcﬁum pyrolysis: This water recovery system utilizes the principle

' of a modified vacuum distillation in which the vapors are passed over a

- heated catalyst to destroy any volatile organics and ammonia which are

present.: In this system, organic volatiles are dgstroyeaﬁéha the ammonia

~oxidized to nitrogen oxide in the catalyst chamber. This.Qapor is then

condensed and collected as potable water, ready for use. Potable water

i

: / ‘
~has 'been successfully recovered from urine and a combination of urine and

" 'feces.

S /

!

As a general conclusioﬁ it may be said that simple distillation

can produce potable water products from urine when used in conjunction

i -

. !
with other processes. Thejse processes could include pretreatment of urine,

treatment of vaporsg, or mgdification or product water ion-exchange.v The

problem remains, however/ to choose the combination of techniques which

. best satisfiles the specf}ic requirements as previously stated.

; More sophisticateq phase-change techniques under present development

include vapor compresgion, freeze drying, incineration, and refrigeration
' /

' freezingi The first two techniques mentioned still include the liquid-

to-vapor phase-change, the remaining processes utilize a liquid-solid, and

el T
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a8 liquid-solid-liquid phase change, respectlvely, to accomplish purlflcatlon

and/or storage adaptability.
Vapor.compression: Vapor compression systems utilize heats of

condensation for vaporization'of the incoming liquid. As such, heat

"'rejection to outer space for the condenser section is not required. The

process, simply described, involves evaporatlon of raw water followed by

compression of vapor to the corresponding operating temperature of the

condensei; The campressed vapor then condenses to form the product while

"ithe'heat rejected in condensation is transferred to the evaporator for

:“jreuee in the vaporization cycle.

- Vepor compfession has the effect of improving the physical require-

"}ments for a vacuum distillation system and with proper application can
';appreciably alter the quality of the recovered product. In data collected
to date,;chemicals, filtration, ion-exchange, and treatment with activated

carbon can be used to attain potable water.

Incineration techniques:. Techniques for processingfof“fecal material

prior to storage and/or reJectlon utilize as an initial step dehydration
. of feces to provide a dry residue ash for final disposition. To insure

_minimum residues,comparatively high incineration temperatures are used

which result in extremely lightweight ash. Incineration also has the

effect of leaving sterile residues for easier storage and/or rejection in

keeping with sterile space philosophies.'

! Handling of the gaseous products becomes quite a problem because of
the abundance of impurities present. In addition oxygen must be supplied

to support combustion of/ solids followed by subsequent cooling to recover

RO
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'5;4 ‘water recovery'pnd subsequent dispositioh of both condensable and non-
"cdndensﬁble prodﬁcts of the combustion presgnt potential problem areés
';:. un1éss ingeniously céped with.
| Freeze drying: TFreeze di’ying (or lyophilization) involves & phase
"change from solié to vapor. In this process, urine is frozen. Sublima-
;tiqn of the icevié then allowed to occur. The vapors are then condensed
'}'(aB a soiid) andE;é-melted for subsequent fecovery. Temperatdres and
( pressures must be clpselyncontrolled to avoid melting; This requires
;-‘opefating‘temperatur;slof a?pfoximately 19.4° F at pressures of 3 mm Hg.

Although equipment designs and system requirements appear vstringent, the

condensates. While storage techniques'may be enhanced by this technique,

P

l.ua#vantages of extremely high yield percentages (that is, close to 99 percent),

LI gqod éuaiity wateg, adaptaéility to zero gravity operatibn, elimination of '

‘bactefial contamination;Aéasegsf phase separation, and use of space vacuum

E. A,as 4 natural resource reQuire that this techniqﬁé merit close considera-

,;'tion for applicability.

$ o ; The;process'of freeze cryétallization is a liquid-to-solid phase-

; ‘: chahge pfocess where the féw liquid is cooled until ice crystéls appear.
This in éffect separates the liquid fraction of urine from the salts in .
solﬁtion. Although Initial energy requirements appear to be much lower
for freezing than vaporizing, experimental results indicate that éalts are

.physically entrained within ice crystals, thereby requiring subsequent

. re=-freezing to provide high quality water;
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.Other variations of these processes include zone refining, column

crystallization, and countercurrent crystallization. The basic operating

- principles are essentially the 'same for all these techniques; major

variations manifest themselves in design considerations applicable‘to

‘ each'individua1'system.  In'most cases only preliminary investigations of

these systems have been performed, and these investigations have revealed

process complexities relegating them to lesser importance in near future

_applications.

Membrane processes.- Water recovery systems utilizing membrane

‘processes as the major purification technique are functionally divided

into two categories, those utilizing electrical power and those relying

‘predominantly upon liquid diffusion. Membrane processes function solely

by their treatment of liguids, thereby eliminating the problems and powef

‘penalties present where phase-change processes are required.

| Two types of membranes which are selectively permeable to the water

. contained in urine are (1) an ion-exchange membrane which consists

'essentially of sieves having molecular dimensions with fixed ionic groups

in the pores; and (2) a membrane which will pass water by virtue of a

gsolvent-like action. These membranes possess the property of selectively

controlling the passage of inorganic salts, water, urea, and high

molecular Weight'materials. An apperent disadvantage is that the processes

result in two products, one, the desired water product, the other,‘a

. concentrated salt solution requiring subsequent disposal.

: Ultrafiltration: Membrane processes not requiring direct application

. of electrical power include ultrafiltration, membrane permeation, ion-

exchange, and osmionic processes.. Passage of water through the membranes

"
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s accomplished by hydraulic pressures (to 50 atmospheres), temperature

gradients, natural concentration gradients,'and self induced electro-
osmosis. It would appear that the nature of the driving forces mentioned

previousiy severely limit rates of passage and hence process rates. To

date only ultrafiltration rates have been increased through use of higher

pressures and have produced encouraging results in saline water conversion
programs. The degree of direct near-future applicability to aerospace
programs should be more fully evaluated before decisive conclusions are
reached.

Electrodialysis: The major process utilizing electrical transport
as fhevdriving force 1s electrodialysis and related osmotic processes.
In this process ions are transferred through the membrane by imposition of
an electromotive force. However, because of the basic principles of
operstion only ions can be removed. Urea, being a large un-ionized
molecule, will not pass through the membrane, thereby necessitating another
process step before the desired potability of thq_prodgct'is obtained. -
The. process appears to have mgrit but lack of'iﬁformation at the present

time precludes ahy‘firm conclusions concerning physical dimensions and/or
o /

!

requirements.,

E1f (electrolysis cell-fuel cell): A furthef use of ion-exchange
membranes is the electrolytic dissociation of the water contained in
urine followed by recombination of the gases in a fuel cell to produce

potable water. Experiments to date with the ELF system (electrolysis

_ cell-fuel cell) have demonstrated that high efficiencies are attainable

o
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t. nith the ion-exchange membrané‘electrolysis cells for extended periods
.« of time. |

Analyses of gases gener;ted from the electrolysis of urine show that
‘these gases are relativelyféree from contaminating substances. Electro-

. / .
lysis cell designs are such that gas phase-liquid separation are inherent
- /

in the cell .operation and/as such will operate in zero gravity. Transport

of gases between the celis is by natural pressure gradients caused by
depletion of gases by tﬁé fuel cell. Iatest designs of wicking techniques
in the fuel-cell unit wﬁll permit zero operation through phase separation
and transport. Detailéd analyses determine that water obtained fram |
system operating with raw urine is odorless, colorless, ana has pH of

5.2 to 5.4. Results from water samples collected also indicate chenical
impurities are not added to the water from the normal fuel-cell processes.
The quality of gases generated by the electrolysis cells indicate, that,

at worst, only trace contaminants could be added to the water from this

source.

Biological systems.- The use of algae cultures for the revitali-

zation of gaseous atmospheres in aerospace systems has received considerable

‘attention. The medium used to support the cultures of algae is enriched
with some form of‘fixed nitrogen such as an ammonia ion or urea. The
ability of algae to use urea suggests the use of urine itself for support
;of these cultures in & photosynthetic gas exchanger. However, preliminary
" experiments indicate that algae cultures will not flourish on raw urine

or diluted raw urine even though the chemical composition does not greatly

e
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: differ from that of synthetic media. The reasons for this have not been
f,.eX§lained and wili réquire extensive research study before system

" development can continue.

Photochemical dissociation of water is another technique that has
been considered, but again development of & feasible system is not likely .
for near-future applications.

Product use.- Thus far, systems have been discussed in terms of
recovery of potable water. However, this is not the limit of useable
products recoverable from humaen wastes. For example, intermediate qualify,
water can be used as an emergency expendable refrigerant.. In this case
mosf tail-end treatments of distillation processes, for example, would
not be required. Some treatment may be desirable to prevent excessive
fouling ;f heat:transfer surfaceé but it is obviously apparent that the
purlty af such water negd not approach the stringent specifications required
of drinking water.

Another important recoverable product is supplementary breathing

“oxygen. The success in obtaining oxygen gas from electrolysis of water

: contained in urine indicates that where other than fuel-cell power supplies

are utilized, recovery of oxygen from urine is easily and economically

~achieved. This‘oxygen can be made available over a range of pressures

limited only by the structural integrity of the electrolysis system.

- Extremely high pressures are undesirable from a system complexity

stapdpoint but pressures compatible withispacecraft pressures are easily

atﬁainable._

Gt > b Sl

R R ek Lt i)

ko omict




26

. This capability could be utilized to suppleﬁent normal supplies or

i . to provide émergency gas supplies. This additional recovery capability

_‘  is dnother indication of the kind of system flexibility requireq for
maximum use capabilities.

* Another product obtainable from water reduction is hydrogen which A
can’fe ﬁsed for process reduction of 002, for fuel, et cetera.

| Re jection

+ If engineering evaluations indicate that storage and/or processing
'of wastes is unnecessary for the missions under consideration, means for
rejecting to free space will be needed. In accord with "sterilé space |
pﬁilosophy," the was%e products must receive germicidal treatment before
.or during ejection. |

Techniques for implementing expulsion include a small airlock-type

- chamber in which the "bagged" or canned excreta that has been pre-treated.

for bacterial retardation can be placed, the chamber door sealed clpsed;
 thexoutboard door opened; and the payload propelled into space by some
smail prbpulsion means. |

Another éoncept uses & sanitizing tank, which receives the waste

- suspension and holds it for a sufficient dwell time to allow a germicidal
"agent to act on the bacteria and other pathogéns that may be présent in

the suspension. This technique permits direct rejection to space of the
- liquid waste suspension.
| Direct ejection of the liquid waste suspension to space offers

significant édvantage over methods which eject vapor. In addition to not

requiring an evaporator, storage of the resulting residue is not required.
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collection and disposition of both urine and feces.

27

" Direct liguid ejeétion'is accomplished with'only negligible evaporation

‘(beéause'of the high ejection rate), the entrained waste suspension is
" simultaneously éJjected, and thus no residue is left in the treatment tank.
" Even 1if a1l the waste suspension is not ejected, the quantity remaining

‘i simply mixed with the next batch.

A

SYSTEM DESIGN SYNTHESIS

- The, prior discussion included preliminary design concepts for

This section of the

»technical discussions will synthesize representative preliminary system |

- designs. The systems will contain:

1. Collection, transport, and storage
é£2. Collection, transport, and reclamation
© 3, fCollection, transport, and rejection
| Colléction, Transport, and Storageﬁ

The block diagram, figure 6, shows the system components for

3 o congept'i, and indicates their function. The collection and transporﬁ

. .. subsystem consists of the collector, blender, and the simple sludge

pumps. The collecting tank is the storage capability in this concept.

‘The:distillation unit serves to semi-purify the liquid wastes for reuse

as flushing and cleansing water. Figure 7 is a block diagram showing
integration of this waste management system with other vehicle systems..
Collection, Transport, and Reclamation

'Waste,management'syéfem concept 2 is similar in mechanization to

conéept 1, excepf fof_the foliowing:
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a. The vacuum distillation unit that provided semi-pure water for

i'flushing and cleansing is replaced by & vacuum pyrolysis reprocessing

i

”"'system. ~Although vacuum pyrolysis has proven potable water reclamation

“capabilify.from urine (and wash water) some experimental tests indicate
the process ﬁith or without minor modifications may sétisfactorily
hproduce'potablebwater from fecal waste liquids after being passed through
bé solids‘filter, such as is designated by the storage tank in the
‘échématic.' o | )

b. The vehicle integration block disgrem will ghange'in that potable
water is produced as a function of the waste management system,‘as shown
in figure 8. |

Collection, Transport, and Rejection

Waste management system éoncept 3 differs from concepts 1 and 2 in
tha£ the storage in the sanitizing tank is only a temporary measure to
assure sufficient dwell time for the germicidal agent to be effective.
'Thelrejection portions of this system have been previously described.
The.system has no water recycling means and therefore places the addi-
‘tional requirement of providiﬁg the flushing and cleansing water for each

use on the vehicle system} Figures 9 and 10 indicate the vehicle system

.- and its integration compatibility.
PERSONAL HYGIENE

In'addition to the phjsical well-being of the crew members, personal
"hygiene has a decided impact upon their psychological attitude during

!
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':fhe mission's duratioﬁ; Sanitation and h&gienic.procedures should, if

":;‘possible, duplicate, or ﬁt least closely simulate, those used on earth.

;  This philosophy has & major impact upon the design of the equipment for
bersonal‘hygiene”and its respectivevintegrationvinto the wvehicle system.

- It is best illustrated when each personal hygiene category is examined.

Oral Hygiene

The problem of decay will be relatively minor when compared to the

v " problem of‘gum:stimulation. Mechanical removal of detained food particles
and exfoliated cells will be aided by the abrasive and detergent nature
of & carefully selected dental cleanser, one which is non-toxic¢ and can

' be ingested. Pastes are conducive to zero gravity usage and some have

beeﬁ formulated and tested to meet the foregoing requirements. The means
of application on the teeth cén be accomplished directly through a
dispenser-brush éombination. By triggering the dispenser spring-loaded
mechanism, a premeasured amount of paste is slowly applied to the teeth
through a hollow handle during brushing. The brush bristle can be
cleansed by an enclosed snap-on rinsing adapter attached to part of the
water recovéry system. Mouth rinsing can be accomplished by using a
squeeze bottlg water cbntdiner and swallowihg the rinse. Recent

developments indicate the formuwlation of chewing gum types that have

given acceptable results in dental hygiene tests.

Shaving
Small rotary machines that incorporate a "vacuum cleaner' collection .

technique (to prevent whisker debris from loading the environmental

- control filters) are presently in the development stage. The two
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tested. Results leave much to be desired in the showering, rinse, and
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.
.

© prototype models deviate in their method of powerf one is pneumatically

" driven and the other has a rechargeable battery. The requirements for

the mission being consgidered range from a sterilization technique and

~adjustments for the blades through interéhangeable heads to separate

units. Blade shaving in zero gravity appears to be impractical.

Showering

Several acéeptable'showering design concepts for zero gravity use

" have recently evolved. Of these, the shower suit is the only prototype

drying procedureeQ A shower stall (fig. 11) having an inflatable

structure and canted mosaic segments in each panel minimize many of the

‘objections to the "suit." The sprayed water is directed about the

enclosure by the canted surfaces until the initial impulse decays

sufficiently for the -inlet air bleed to perform a draining procedure.

' Showering should be staggered at 12-hour intervals to minimize the water

" reprocessing rate. Consideration must be given to integrating the

shower gystem with the vehicle system, that is, using the shower drain

water for washing clothes and/or equimment, and drawing the shower's

 water supply from the water supply. Although air drying of the man's

 body and the shower is incorporated into the shower design, final

"towelling" is desirable. This then dictates a minimum of two towels
per man to be used after superficial washing and showering for final
drying. The towels can be dried after each use and washed and dried in

the facilities discussed under "bathroom design."
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Superficial Body Cieansing
-One of the less thorough means of cleansing may be dictated by
l logistic and vehicle integration requirements, such as the wipe-down
pads a;d towels,'and/or the aerosol spray-and-towel techniqﬁe. Generally,
this technique encompasses the types of washing which normally is done
in the wash basin and/or-with a washcloth. A wash basin facility (zero g
design) can be developed about the same basic design techniques (fig. 11)
. used for the shower; that is, using the canted mosaic segmented panels.
' The controls for flow drainage, temperature, et cetera, are in the foot
 stir:ups,:which are activated by moving the feef. Iihitial drying is
‘;»ddﬁe by waim,airiflow, and final drying by towel. -
| ‘ | Bathroom Design
In addition to the shower facility, the wash basin, and biological
% ' waste management capability, the personal hygiene area should contain
'suctioﬁ dﬁcts strategically located about the area to contain debris, to
facilitate temporary high aif flows, and to assist in drying towels and
| equipment after use. An auxiliary blower should be cut into the ductwork
system fo provide the increased local flows upon demend only. The clothes
and equipment washer-dryer cubicle should be included. In addition to
the considerations mentioned, availability of medical supplies and first
aid equipment is a necessity. The specific mission's logistics will
essentially dictate the extent and scope of medical supplies and facilities.
‘The remaining personal hygiene factors, clipping nails and cutting
héir, presgntly.appear to be accommodated by zero gravity designs and/or

techhiques as follows:

i
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Nail clipping.- Nail clipping is accomplished by one of the suction

intékes; end under s collapsible hood, thus collécting the clippings on
" the intake filter. |
‘ | Hair cutting.- Hair éutting is accomplished in the normal manner
under a see-through hood to which a suction hose and filter/collector
4 have beén'attached. After cutting, final suction cleaning of the head
-1s accomblished in closer proximity to remove:any'cﬁtfgﬁé; still clinging.
| . .--Clothes ahd Equipment
Providing éufficient chanes of clothing (1 for every third day)
‘.ﬁill add less complexity to tﬁe system than using a small washer-dryer
_cubicle. For extended missions, however, the washer-dryef (used inter=
mittently) will be advantageous. The wash water for clothes and
‘equi;ment can come from the shower and wash basin drainage supply, but
the rinse water would hav# to be at least vacuum distilled, but preferably
vacuum‘pyrolized. (Mult#stage purification techniques can be used to
considerable advantage {n ; mission of this type). Heat for drying
’élothes.and equipment %Ld for warming water supplies could come from:
(a) wﬁste vehic%é system heat
(b) solar expo§£re through léns-reflector systems

() a combination of the two.
MANAGEMENT OF OTHER WASTES

The space mission under consideration requires the management of other
‘wastes in addition to that of urine and feces. Specifically the wastes

necessitating management include:
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Food épillage and particleg
'Containers from consumables
n " Paint/coatings flakes
;Linf/clothing particles
Soap/detergent solids
'Body wastes (desquamated epithelium, hair, nails, sebum, saliva,
vamitus,‘fécal particles, mucus, seminal fluids, et cetera)
Management of these wastes have the same general préblems as those ofl
fecesn and‘urine; that is, collection, transport, and disposition.
| Collection
Collection of these ﬁastes will largely be made with filters incor=-
porated as part of the environmental control and water reprocessing
subsystems. (Specific collection techniques are further discussed under
"personal hygiene.") A series of built-in "suction" capabilities and a
. portable suction device are required to implement effective collection.’
In addition, bags of vomitus, temporary collection of containers,
et cetera, should be avail;ble.
‘ Transport
Transport of all these collected waste materials will be encompassed
by physically removing filter cartridges and bags and carrying to a proper
‘area of disposition.
\ | Dispdsition .
Since this class of waétes is.outside thé‘iéalm of preferred
" "reclaimables," it will be most efficient to either store, process and

. /
store, or reject. -
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1’§§1§ iq, (h) Means of transferring total supply at vehicle resupply time.
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: ?%ﬁ} 1%? Process and store.- Processing for storage differs from the previous
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“;§€§§r'g BtOrage discussion in that the processing considered is that which is
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’jﬁ(ZEZ}erQuired to reduce the wastes to a means most convenient to their
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.iéfzé;ig«management. Periodic incineration appears to be the simplest and most
D ?""!? '.

;3}L:E j effective means. A small external lock could be provided, serviced with
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j?{ﬁ;;"“ cabin oxygen during periods of incineration, and the toxics exhausted to
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| ! ' vacuum after process completion. The incineration process could be
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éi ~of & lens-reflector system. The resulting ash can either be accumulated
?ﬁﬁh %3?ithin the lock for removal (at resupply time) or rejected to space.
3f3 }f' | ReJection to space.- Wastes can be rejected to space directly and
W i
?551 without processinga This is in direct contradiction to a generally-
i |
L accepted philosophy of maintaining "sterile space," (even though all of
.’p;‘{'}'
vy & the waete matter will eventually sublimate). Other rejection techniques
A
a3 {1'(such agplaunching a waste carrying vehicle to burn-up through reentry)

_;".‘.’ & ‘!‘ ‘-“ ‘

?3.;‘§;§although sdund in theory, do not appear practical for these missions.
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